INTRODUCTION {#sec1-1}
============

*Acanthamoeba* keratitis (AK) is a sight-threatening corneal disease caused by free-living amoebae. The majority of patients with AK are contact lens wearers\[[@ref1]\] with a predominance of soft contact lens use.\[[@ref2]\] AK is considered as a widespread infection. Although it was first described in 1973,\[[@ref3]\] many aspects of the infection including its risk factors, diagnosis, outcomes of treatment, and prognosis remain uncertain. Most of the published literature suggests that combination therapy seems to be effective for treatment of AK.\[[@ref4][@ref5]\] However, combination therapy may be associated with increased cost, poor compliance and more side effects such as epithelial toxicity.\[[@ref6][@ref7]\]

There are few well-designed studies,\[[@ref8][@ref9]\] which have investigated the efficacy of chlorhexidine as monotherapy for treatment of AK. Furthermore, the role of corticosteroids for treatment of AK remains controversial. The current study was designed to assess the efficacy of chlorhexidine as monotherapy and clarify the role of corticosteroids for treatment of AK. We also identified other factors that may affect visual outcomes in patients with AK who received treatment with chlorhexidine.

METHODS {#sec1-2}
=======

Patients {#sec2-1}
--------

This prospective interventional case series study was performed at Farabi Eye Hospital, Tehran, Iran in accordance with the Declaration of Helsinki and its 1983 revision. Institutional review board approval was obtained and each subject provided informed consent. All cases who presented with AK from April 2010 to April 2011 were enrolled in the study. A detailed questionnaire on demographic characteristics and past medical history including age, gender and previous treatments was completed. Initial best corrected visual acuity (BCVA) was measured by an optometrist. All patients underwent slit lamp examination and were categorized in the following three clinical stages based on the depth of corneal involvement: Stage I: Epitheliopathy; Stage 2, anterior stromal infiltration; stage 3, ring infiltration or deep stromal infiltration.

Confocal microscopy (confoscan 3.4, Nidek Co. Ltd., Gamagori, Japan) was employed for confirming the diagnosis of AK. Only patients who had specific clinical findings suggestive of AK (perineural infiltrates, ring infiltrates and keratitis with disproportionate pain) and simultaneous positive confocal microscopy results for AK were enrolled in the study. Patients with poor compliance during the treatment period were excluded from the study.

Treatment Protocol {#sec2-2}
------------------

After establishing the clinical diagnosis of AK, treatment was initiated with chlorhexidine 0.02% (Sina Darou Company, Tehran, Iran). Chlorhexidine 0.02% was instilled in the affected eye, at a frequency of hourly at day and night, reduced to hourly in the day for the next three days, then reduced to 2 hours in the daytime. According to the clinical response, the regimen was gradually reduced. When failure occurred or infection worsened while receiving chlorhexidine, we added other anti-*Acanthamoeba* agents in order to induce a favorable clinical response. We used topical corticosteroids for limbitis, uveitis, ocular pain unresponsive to oral analgesics and stromal infiltration following an initial response to anti-*Acanthamoeba* medication. We started topical corticosteroids at least 2 weeks after treatment with chlorhexidine. Treatment was terminated when all primary ocular complaints, except visual loss, disappeared and there was no sign of active disease on ocular examination and after cessation of any topical steroid therapy.

Outcomes {#sec2-3}
--------

Outcome measures included a favorable clinical response within two weeks of initiating treatment with chlorhexidine, worsening of the infection while receiving chlorhexidine, recovery of visual acuity (VA), duration of treatment with chlorhexidine and corticosteroids, necessity of adding other anti-*Acanthamoeba* agents, presence of a corneal scar at the end of the treatment, and the need for penetrating keratoplasty.

Statistical Analysis {#sec2-4}
--------------------

Results were reported as mean ± standard deviations (SDs) for quantitative variables and percentage values for categorical variables. Visual acuity was reported in decimal notations. Odds ratios (ORs) and their 95% confidence interval (CIs) derived from logistic regression models were used to evaluate the relation between final VA \<20/25 and a set of examined predictors. *P* values of 0.05 or less were considered as statistically significant. All statistical analyses were performed using SPSS version 13 (SPSS Inc., Chicago, IL, USA) for Microsoft Windows 7.

RESULTS {#sec1-3}
=======

We enrolled 32 eyes of 32 patients over the period of the study. One patient did not keep her follow-up visits and was thus excluded from the analysis. A total of 31 patients with mean age of 21.5 ± 4.6 (range, 15 to 36) years including a majority of female subjects 27 (87.1%) were treated. Twenty-eight subjects (90.3%) had history of cosmetic contact lens use, 2 wore contact lenses for correction of refractive errors and one had history of ocular trauma with plant material. A total of 14 patients cleaned the lenses or contact lens storage cases with tap water. Before the diagnosis, 12 patients used corticosteroids and the duration of use ranged from 2 to 30 days.

In 20 (64.5%) patients, ocular pain was the main sign at presentation. Stage 1 corneal involvement was present in 13 eyes (41.9%) while 15 (48.4%) and 3 (9.70%) eyes had stage 2 and 3 disease, respectively. After the onset of symptoms, 17 patients (54.8%) were diagnosed within 3 weeks. Mean presenting visual acuity was 0.32 ± 0.22 (range: 0.001-0.80), and was less than 0.50 in 22 patients (71%) \[[Table 1](#T1){ref-type="table"}\]. Mean visual acuity at final follow-up was 0.79 (range, 0.001-1.00) and final visual acuity was ≥0.80 in 22 eyes \[[Table 2](#T2){ref-type="table"}\].
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Demographic characteristics and clinical data (31 patients)
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###### 

Primary and secondary outcomes
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Mean duration of treatment was 122.8 ± 52.9 days. Two weeks after initiation of treatment with chlorhexidine, improvement in signs and symptoms was observed in only 5 patients (16.6%). Keratitis was controlled in 3 eyes by adding propamidine to chlorhexidine and in 2 other eyes without adding any other anti-*Acanthamoeba* medication. After initial improvement in one patient, worsening of the keratitis occurred. A smear was taken and cultured on a corneal specimen; it was positive for *Acanthamoeba* but negative for other microorganisms. We added Polyhexamethylene Biguanide (PHMB) and propamidine to this patient's regimen. This patient developed scleritis that was treated with oral prednisolone. Scleritis was controlled and keratitis healed leaving total corneal scarring. A total of 26 (83.9%) patients received topical corticosteroids with mean duration of 65.81 ± 45.1 days.

Persistent epithelial defects occurred in 6 (19.4%) patients, and 2 of these patients were treated with amniotic membrane transplantation. Punctate epithelial defects occurred in 9 (29%) eyes; visually significant cataracts developed in 4 (12.9%) eyes; optical penetrating keratoplasty was considered in 3 (9.7%) eyes; hypopyon developed in 3 (9.7%) eyes; and a corneal scar was formed in 8 (25.8%) eyes \[[Table 3](#T3){ref-type="table"}\].

###### 

Clinical finding initially and during follow-up
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Based on univariate analysis, significant prognostic factors for visual acuity \<20/25 included the following: Duration of symptoms 21 days or longer before the diagnosis, stromal involvement at presentation and initial visual acuity \<20/40; however steroid use before the diagnosis was not a significant predictor. In multivariate analysis, longer duration of symptoms before the diagnosis and stromal involvement at presentation were associated with worse final visual acuity but were not statistically significant \[[Table 4](#T4){ref-type="table"}\].
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Association between clinical manifestations and final VA \<20/25
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DISCUSSION {#sec1-4}
==========

*Acanthamoeba* keratitis is a sight-threatening corneal disease and many aspects of its treatment remain controversial. Oldenburg et al performed a survey on opinions and practice patterns for treatment of AK; in their study, 93.9% of respondents preferred combination therapy over monotherapy for treatment of AK. Of the 82 respondents, 90.2% used combination therapy most of the time or always, while only 6.1% used monotherapy.\[[@ref6]\] Combination therapy increases cost, and usually results in poor compliance and more side effects such as epithelial toxicity.\[[@ref6][@ref7]\] This preference for combination therapy may have resulted from the case series that described combination treatment for AK.\[[@ref10][@ref11]\]

On the other hand, there are case reports and series that suggested monotherapy with chlorhexidine,\[[@ref9][@ref12]\] or PHMB\[[@ref13][@ref14]\] may be successful in AK. However, well-designed studies have investigating the efficacy of monotherapy for treatment of AK are limited. This may cause a tendency for some clinicians to use combination therapy rather than monotherapy. There are reports suggesting that the *in vitro* anti-*Acanthamoeba* activity of chlorhexidine is similar or higher than PHMB.\[[@ref15][@ref16]\] Moreover, PHMB seems to be more toxic to keratocytes than chlorhexidine.\[[@ref16]\] Wysenbeek and associates, assessed the efficacy of three agents in different concentrations against different strains of *Acanthamoeba* (0.1% and 0.02% polyhexamethylenebiguanide, 0.1% and 0.02% chlorhexidine, and propamidine isethionate). Only chlorhexidine at concentrations of 0.02% and 0.1% was effective against all five strains of *Acanthamoeba* and only 0.1% chlorhexidine destroyed all cysts. However, because higher concentrations of chlorhexidine are toxic to the cornea, they recommended that 0.02% chlorhexidine is a good initial choice for treatment of AK.\[[@ref17]\] When Oldenburg et al asked respondents to choose an ideal medication as monotherapy for AK, they first choice was PHMB, followed by chlorhexidine.\[[@ref6]\] A well-designed study is needed to demonstrated that changing from combination therapy to monotherapy with chlorhexidine *in vitro* is more effective than PHMB.

We used chlorhexidine monotherapy for treatment of our patients in a prospective manner. Chlorhexidine is an effective anti-*Acanthamoeba* agent.\[[@ref9][@ref18][@ref19]\] In a prospective, nonrandomized study, Kosrirukvongs and associates reported that chlorhexidine was an effective amoebicidal agent in 5 patients with AK.\[[@ref9]\] In a randomized controlled trial by Lim *et al*\[[@ref8]\] treatment was successful in 85.7% of patients who received chlorhexidine compared with 78.3% successful treatment in patients who received PHMB. They defined treatment failure as failure to achieve a favorable clinical response within two weeks of initiating treatment with PHMB or chlorhexidine alone, or patients whose infection worsened while receiving monotherapy. In our study, a favorable clinical response was not achieved in 5 patients (16.1%) after two weeks of treatment with chlorhexidine, and keratitis worsened in one patient (3.2%). This is comparable to the results reported by Lim *et al*\[[@ref8]\] Interval form onset of symptoms to diagnosis and anti-*Acanthamoeba* treatment and risk factors for AK were similar in two studies, but median duration of treatment in our study (122.78 days) was longer than that by Lim *et al*\[[@ref8]\] (92 days). Vision was also improved in 93.5% of eyes in our study versus 71.4% in the mentioned report. The incidence of corneal scarring was significantly lower in our patients. Similar to the current series, BCVA of 6/12 or better was achieved in 78% of eyes in both groups of Lim's study, albeit mean VA at initial visit in their patients was 0.3 (LogMAR). These authors did not report the stage of keratitis at initial visit and how they used corticosteroids, but our patients had worse VA at initial visit and higher stages of corneal involvement at presentation. It seems that both of these factors mandated a longer duration of treatment in our patients, however the greater use of corticosteroids led to better visual outcomes as compared to the study by Lim *et al*\[[@ref8]\]

When chlorhexidine was used as monotherapy in our study, it revealed a good therapeutic efficacy against *Acanthamoeba*; BCVA of 0.50 or better was achieved in 25 of 31 eyes (81%). This success rate is comparable to that achieved by three other major studies that used combination therapy, and reported the same level of BCVA in 75%\[[@ref20]\] and 79%\[[@ref7][@ref10]\] of their patients. They often used PHMB and propamidine. Seal et al used chlorhexidine and propamidine for treatment of AK; with one exception, 11 patients recovered 6/9 vision. In this study, one patient who presented with ring infiltration underwent keratoplasty as a result of secondary bacterial infection, with graft survival and visual acuity of 6/6 after 2 years. Of 11 patients, only 2 patients had stromal infiltration, which is not comparable with 18 patients in our study that presented with stromal involvement with or without ring infiltration.\[[@ref19]\] In the current series, only 4 (12.9%) patients required another anti-*Acanthamoeba* agent; furthermore, monotherapy with chlorhexidine without adding other drugs could treat most cases of AK.

One *in vitro* study suggested that corticosteroids inhibit encystment of *Acanthamoeba* trophozoites, making them more susceptible to anti-*Acanthamoeba* agents.\[[@ref21][@ref22]\] The role of corticosteroids in treatment of AK remains controversial. Some reports have shown that corticosteroids increase the rate of treatment failure in AK, while others have demonstrated good outcomes with topical corticosteroids use.\[[@ref22][@ref23][@ref24]\] Park et al reported that mean treatment duration was longer in the group using corticosteroids as compared to the group not treated with steroids; however, visual outcomes were not significantly different between the two groups.\[[@ref24]\] As discussed earlier in our study, it seems that greater use of corticosteroids necessitates a longer duration of treatment but entails a better visual outcome. Univariate analysis revealed that treatment with corticosteroids was not a significant factor for worse visual outcomes (OR = 1.29, CI = 1.03-1.62, *P* = 0.155 for visual acuity \<20/25).

In a study by Kelley et al six eyes out of 20 (30%) with AK developed secondary glaucoma and the authors stated that development of secondary elevated intraocular pressure is not uncommon in AK and a predictor for poor prognosis. Histopathologic findings suggest an apparent inflammatory angle-closure mechanism for glaucoma, without direct infiltration of the organism.\[[@ref25]\] In our study, no patient developed elevated intraocular pressure, which might be due to better control of inflammation with the use of corticosteroids.

Corneal confocal microscopy in patients with both clinical features of *Acanthamoeba* keratitis has shown high sensitivity and specificity.\[[@ref26][@ref27][@ref28]\] Clarke et al considered that confocal microscopy is a very useful adjunct to clinical examination and suggested it could be used as a first-line test for diagnosis of AK.\[[@ref29]\]

In our study, 28 patients had a history of wearing cosmetic contact lens including 2 patients using contact lenses for refractive error correction. Fourteen patients cleaned their lenses or contact lens storage cases with tap water. Tap water may contain *Acanthamoeba* and serve as a source of contamination for contact lenses or cases.\[[@ref30]\] Often, cosmetic contact lenses are freely available without professional education. Education of contact lens wearers about disinfection and risks associated with tap water can reduce the incidence of AK.\[[@ref31]\]

Chew et al, in univariate analysis, reported that stromal involvement and initial visual acuity \<20/50 were significantly correlated with the need for penetrating keratoplasty and final visual acuity \<20/25; in multivariate analysis, only initial VA \<20/50 had a significant association.\[[@ref32]\] In our study, longer duration of disease before the diagnosis, initial VA \<20/40 and stromal involvement were significantly correlated with final VA \<20/25 in univariate analysis, but none of these factors retained a significant correlation in multivariate analysis.

In conclusion, chlorhexidine seems to be an effective agent for monotherapy in AK and could be a good choice for initial treatment. After an initial response to anti-*Acanthamoeba* agents, corticosteroids can be used as adjunctive therapy depending on clinical condition. Regarding the different levels of presenting VA and variable stage of corneal involvement in different studies on AK, randomized clinical trials comparing combination therapy with monotherapy will be necessary to firmly establish treatment efficacy and visual outcomes in this grave corneal infection.
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